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PROJECTED IMAGE FOCUS SYSTEM AND METHOD OF USE 

Field of the Invention 

This invention relates to methods and apparatus used 
in the manufacture of semiconductor wafers and, more 
particularly, to methods and apparatus for focussing an 
optical microscope on a wafer surface for metrology 
purposes . 

Background of the Invention 

During the manufacture of semiconductor devices, it 
is desirable to make selected measurements at several 
steps in the manufacturing process to determine whether 
the devices are within design specification ranges. In 
this manner, process problems can be quickly discovered 
and timely corrective action taken to ensure maximum 
yields. Alternatively, measurements may be taken to 
establish initial process limits and research 
techniques. Such measurements may include critical 
dimension, overlay registration verification and 
contact hole measurements. 

Critical dimension measurements are performed to 
ensure that feature widths and thicknesses are within 
the design specifications. Present semiconductor 
designs often require tight width and thickness 
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tolerances because incorrect feature thickness or width 
may alter signal characteristics and prevent the device 
from functioning properly. 

Overlay registration verification ensures that the 
different layers of a multi-layered device are placed 
correctly over one another. Malfunction of the device 
may occur when the layers are "misregistered" producing 
poor layer-to-layer contacts. 

Contact hole measurements ensure that contact hole 
dimensions are within design specifications and that the 
holes penetrate completely from one layer to the next. 
The dimensions of the contact holes also affect electric 
current propagation through the device and, therefore, 
are often crucial for proper operation. 

As semiconductor devices become smaller and reach 
higher speeds, the number of dies per wafer is increased 
and die size is decreased. As a consequence , feature 
thicknesses and linewidths are shrinking and the 
equipment which performs process-control measurements 
must perform to higher standards of accuracy with lower 
allowable error tolerances. 

In the past, it was common practice to manually make 
process-control measurements - experienced operators 
examined the semiconductor wafers under a microscope. 
This manual technique was relatively slow, was prone to 
to human error and often subjected the semiconductor 
wafers to contamination. In order to obtain higher 
process yields, it was found necessary to quickly 
perform process-control measurements at several 
junctures during the fabrication process and to 
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automate the measurement process in order to minimize 
contaminants introduced by humans. 

Consequently, automated systems for measuring 
process-control parameters have been developed, in one 
highly successful measurement system, process control 
measurements are made electronically by means of a video 
camera. The camera records an image of a wafer feature 
through a microscope and the recorded image is then 
processed electronically to obtain the required 
measurements . 

While automated systems overcome many of the 
limitations of the manual technique, certain errors are 
still introduced into the measured values by both the 
optical and the electronic portions of the system. For 
example, one known source of errors in the 
aforementioned automated system occurs due to focussing 
variations in the optical microscope system which 
conveys the wafer image to the video camera. The 
techniques which are used to precisely locate the 
positions of the feature edges require that the recorded 
image of those edges be sharply defined in order to 
generate accurate measurements. If the edges are 
blurred by an inaccurate focus of the optical system 
before their image is recorded by the video camera, 
then the accuracy of the measurement is reduced. 

Consequently, automated focussing systems have been 
developed which adjust the optical microscope focus by 
moving stage 18 until the optical system is properly 
focussed on the object feature. Such prior art 
focussing systems include video, laser, scanning and 
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capacitive sensor focussing systems, video focussing 
systems operate by capturing an image of a feature edge 
and calculating edge contrast by known mathematical 
techniques, stage 18 is then moved and a new image is 
captured. The edge contrast is then recalculated. This 
process is repeated until several contrast calculations 
have been made. Based on the calculations, a maximum 
contrast position is then calculated at which edge 
contrast is maximized, stage 18 is then moved to the 
maximum contrast position. 

Laser focussing arrangements project one or more 
laser beams through one side of the optical system. 
The beams are reflected from the wafer surface and 
return through the other side of the optical system. 
If a single laser beam is used, optical sensors detect 
the position of the reflected, returning beam and 
operate an electronic servo system to move stage 18 
until the returning beam is located in a known position. 

Scanning focussing systems project an illuminated 
"spot" onto the wafer surface. As the spot is scanned 
in a line across the wafer surface, the spot size is 
measured by sensors and a servo system is used to adjust 
stage 18 until the measured spot size is within 
predetermined size limits. 

Capacitive sensor focussing systems use a 
capacitive proximity sensor located on the microscope 
(alternatively, the microscope objective may be modified 
to act as a proximity sensor). The proximity sensor 
senses the distance between the microscope objective 
lens and the wafer surface. A servo system is used to 
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adjust stage 18 until the sensed distance equals a 
predetermined distance which is known to be the focal 
distance of the microscope objective lens. 

The aforementioned automatic focussing arrangements 
operate satisfactorily for . relatively coarse 
adjustments, but, as circuit size has diminished, the 
focussing requirements have become more and more 
stringent so that prior art focussing systems experience 
problems focussing the optical system to attain 
necessary measurement goals. 

For example, $ typical circuit feature on the wafer 
may have slanted or rough edges due to the process which 
is used to form the feature. Therefore, for the reasons 
discussed above, it is often desirable to accurately 
measure a circuit feature width at a predetermined plane 
above the wafer surface. Consequently, when prior art 
focussing systems are used to focus the optical system, 
those portions of the feature edge which are adjacent to 
the desired position, but lie above or below the desired 
plane (and, consequently, are out-of-f ocus) become 
involved in the focussing process and interfere with 
the attainment of an accurate focus. For example, if 
the prior art video focussing systems are used, the 
out-of -focus portions of the feature edge which are 
above and below the desired plane are present in the 
captured image and therefore enter into the contrast 
calculations as unwanted information or "noise". The 
"signal-to-noise" ratio of the calculations is thereby 
reduced. 
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The prior art laser and scanning techniques are 
dependent on spot size to produce an accurate focus 
and, typically, are not accurate enough for high 
resolution work. In addition it is difficult to place 
the laser spot at a particular position within the 
microscope image and the focussing equipment is 
expensive and complicated. 

Capacitive sensor arrangements also suffer from 
similar problems and are generally not accurate enough 
for high resolution work. In addition, if the wafer is 
not precisely positioned with respect to the sensor, a 
location which is above or below the desired plane may 
be used. 

Accordingly, it is a general object of the present 
invention to provide improved focussing apparatus for 
optical systems. 

It is another object of the present invention to 
provide focussing apparatus which improves the ability 
of an optical system to focus on a feature within the 
field of view. 

It is a further object of the present invention to 
provide apparatus for focussing the optical apparatus 
in a process-control measurement system. 

It is another object of the present invention to 
provide apparatus for focussing a process-control 
measurement optical system on a feature which apparatus 
does not rely on the feature itself. 

It is yet another object of the present invention 
to provide apparatus for focussing the process-control 
measurement optical system which is easy to use. 
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It is yet another object of the present invention 
to provide apparatus for focussing the process-control 
measurement optical system which operates rapidly. 

It is still another object of the present invention 
to provide apparatus for focussing the optical system 
in a process-control measurement apparatus at known 
positions above and below the wafer surface. 

Summary of the Invention 

According to the present invention, the foregoing 
problems are overcome and the foregoing objects and 
advantages are achieved in one illustrative embodiment 
in which a predetermined focussing pattern is optically 
projected onto the wafer surface by means of the 
microscope system used for obtaining the wafer image 
(the term "wafer surface" is used herein as a short 
description of the plane to which the focussing pattern 
is projected. As used herein, projecting a focussing 
pattern on the wafer surface means that the focussing 
pattern is projected onto a plane which may be at, 
above or below the actual wafer surface) . Focussing is 
then accomplished by capturing images of the projected 
pattern and adjusting the optical system until the 
calculated contrast of an edge of the projected pattern 
(rather than a physical feature edge itself) is 
maximized. 

More particularly, when an object is placed at a 
position in the microscope optical system where its 
projected image is focussed on the wafer surface, the 
projected image can be viewed through the microscope. 
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If the wafer is moved so that the object is no longer 
at this position, the projected image appears to become 
"out-of -focus" . Consequently, when the image is in 
focus, the wafer surface is also in focus. 

The focussing pattern is obtained by placing at 
least one image source in the field plane of the 
microscope system. The image source can be any 
convenient focussing pattern including a knife edge, or 
one or more lines or spots. The image source is 
illuminated such that its image is projected onto the 
wafer surface. After the optical system has been 
properly focussed, the projected image may be removed 
during actual measurements. 

It is a further improvement of the invention to 
utilize a three-dimensional image source so that 
multiple focussing images are projected onto an object 
surface simultaneously. In this manner, as will 
hereinafter be explained in detail, information 
regarding the optimum focus can be obtained more 
quickly. In addition, the optical system can be 
focussed at pre-selected positions without relying on 
precise accuracy of the mechanism which moves the 
object. 

Brief Description of Drawings 

For a better understanding of the present invention 
together with other and further objects, advantages and 
. capabilities thereof, reference is made to the 

accompanying drawings which are incorporated herein by 
reference and in which: 
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Fig. 1 is an illustration of a process-control 
measurement system suitable for incorporation of the 
present invention; 

Fig, 2 is a simplified block diagram of the 
process-control measurement system shown in Fig. 1; 

Figs. 3A and 3B are top and partial cross-sectional 
views, respectively , of a typical critical dimension 
measurement pattern which is to be measured by the 
invention; 

Fig. 3C illustrates an enlarged view of the 
cross-sectional patterns shown in Fig. 3B illustratively 
showing sloped feature edges; 

Fig. 4 is a simplified schematic diagram of the 
optical system of the microscope 20 and camera 22 
suitable for a measurement system such as that shown in 
Figs. 1 and 2; 

Fig. 5A shows the placement of a self -illuminated 
image source into the illumination portion of the 
optical path shown in Fig. 4 to project a focussing 
pattern onto the surface of wafer 16. 

Fig. 5B shows the insertion of a passively 
illuminated image source into the illumination portion 
of the optical path shown in Fig. 4 to project a 
focussing pattern onto the surface of wafer 16. 

Fig. 6 shows an alternative placement of a 
self-illuminated image source in the optical path shown 
in Fig. 4 to to project a focussing pattern onto the 
.surface of wafer 16. 

Figs. 7A-7D show a few illustrative focussing 
patterns which can be projected onto the surface of 
wafer 16 in accordance with the invention. 
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Figs. 8A and 8B show front and top views , 
respectively, of an illustrative three-dimensional 
image source. 

Fig. 9 illustratively shows an image generated with 
the image source shown in Figs. 8A and 8B as viewed 
through an optical system when the object is "in focus". 

Detailed Description of the Invention 

An automated system for making process-control 
measurements is illustrated in Figs, l and 2. An 
automated system suitable for use with the invention is 
a Model ACV4 metrology system manufactured by 
Interactive Video Systems, Inc. located at 45 Winthrop 
Street, Concord, MA 01742. The major elements of the 
system, including a wafer handler, an optical system 
and a computer system, are mounted in a cabinet 10. 

The wafer handling system, in turn, includes a 
cassette wafer holder 12 which contains wafers to be 
measured, a pre-aligner 14, a wafer transport pick 
mechanism (not shown) for moving the wafers and a 
measurement stage 18 which holds the wafers during the 
actual measurement operation. During operation, the 
wafer transport pick mechanism (not shown) removes a 
wafer 16 from cassette 12 and places it on pre-aligner 
14. Pre-aligner 14 then rotates wafer 16 to a 
predetermined orientation illustratively by sensing a 
flat spot or notched edge on wafer 16 after which the 
wafer transport pick mechanism transfers wafer 16 from 
pre-aligner 14 to measurement stage 18 and positions 
wafer 16 in a horizontal orientation. Stage 18 is 
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movable in three dimensions for precisely positioning 
wafer 16 relative to the optical system for performing 
the actual measurement. 

The optical system includes microscope 20 and video 
camera 22 positioned above the measurement stage 18 and 
wafer 16. Microscope 20 typically has a turret carrying 
several objective lenses ranging in power from 2.5X to 
200X magnification and is mounted so that microscope 20 
and camera 22 have a vertical optical axis which is 
perpendicular to the wafer surface. 

During operation, the microscope turret (not shown) 
automatically rotates to place a low magnification 
objective lens into the optical path. A dedicated 
pattern recognition system then locates a feature to be 
measured on wafer 16 by moving stage 18 horizontally 
until the feature is in the field of view. 

After the feature is located, an automatic focussing 
system focusses the optical system sufficiently for the 
pattern recognition system to locate the feature more 
precisely. The microscope turret then rotates to a 
higher magnification objective lens. Automatic 
focussing is repeated to obtain a fine focus at a 
desired plane. 

After the optical system has been focussed, a 
focused image of the feature patterns is digitized and 
recorded by the camera 22. The image is then stored or 
"frozen" and enhanced by an image processing subsystem 
. 28 to improve the signal-to-noise ratio. 
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The system is controlled by a computer 30. Coupled 
to the computer 30 are an image monitor 32 for display 
of the image recorded by the camera 22, a text screen 
34 and a keyboard 36 (which constitute an input terminal 
for entering operator commands) and a disk drive 38 for 
storing system software and data. 

Image processor 28 uses software algorithms to 
locate the edges of the selected feature and make a 
measurement. Computer 30 then displays the measurement 
data on screen 34, prints a hard copy or transfers the 
data directly to a host computer for centralized data 
analysis. Once the process is complete, wafer 16 is 
returned to cassette 12 by the wafer handler. 

An illustrative critical dimension pattern is shown 
in Figs. 3A and 3B. A top view is shown in Fig. 3A, 
and a partial, cross-sectional view of wafer 16 with a 
portion of the etched pattern (finger 50) is shown in 
Fig. 3B. The pattern includes three "fingers" with a 
central finger 50. The line width of any of the fingers 
can be measured to determine if critical dimensions are 
within design specifications. As previously mentioned, 
the critical dimension measurement utilizes signal 
processing techniques which assume that the pattern 
lines are in sharp focus, consequently, if the pattern 
lines are not in sharp focus, a measurement variation 
will result. 

More particularly, an enlarged view of the 
cross-sectional pattern diagram shown in Fig. 3B is 
illustrated in Fig. 3C. Ideally , sides 51 of pattern 
50 would be vertical, but, in actuality, sides 51 are 
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slanted^ rough or rounded due to the etching process 
which is used to form the patterns on the surface of 
wafer 16. Suppose, for example, that it is desirable 
to measure the pattern width at a plane 53 above the 
surface 57 of wafer 16 with an accuracy of much less 
than the thickness of the pattern 50. In the prior art 
focussing systems, the portions of the feature edge 
which lie above and below plane 53 (such as portions 51 
or 55) reduce the signal-to-noise ratio and introduce 
focussing variations because they inherently are present 
in the video image of the edge or are covered by the 
sensing spot. Further problems arise if the 
semiconductor layers are stacked and partially 
transparent. In these cases it may not be possible to 
determine at exactly what level the focussing system is 
actually focussed, thus a measurement uncertainty 
results . 

In accordance with the invention, a three-step 
focussing sequence is used to ensure reliable focussing. 
In particular, during operation of the focussing system, 
the microscope turret is first adjusted for a low 
magnification (for example, 20X) in order to obtain a 
coarse focus. In order to obviate the previous 
inaccuracies resulting from the use of the etched 
feature patterns, a focussing pattern is projected 
through the microscope optical system directly onto the 
surface of the wafer. This latter pattern is then used 
for the focussing operation. The focussing pattern may 
be a knife edge, a line, a plurality of lines with 
equal or different widths, or may be a three-dimensional 
image which has several different focal planes. 
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Since the focussing image is projected onto the 
wafer surface and does not have a sloped edge, it 
avoids the focussing problems associated with focussing 
on etched features or developed photoresist patterns. 
Also, since the pattern may be projected onto a selected 
region of the microscope field of view, the level and 
the position at which the optical system is focussing 
can be precisely selected. Consequently, when the 
projected image is brought into focus, the features and 
patterns are also brought into sharp focus at the 
desired position. The optical system is then focussed, 
illustratively by using the aforementioned 
video-contrast maximization method. 

Subsequently, the microscope turret is operated to 
increase the magnification, for example, to 100-200X to 
obtain more resolution. A focussing pattern is again 
projected onto the wafer surface and the focussing 
operation is repeated. 

Finally, after the focussing operation has been 
completed, the projected image may be removed and the 
focussed feature images are used to make the 
process-control measurement. 

More specifically, the optical focussing pattern is 
projected onto the wafer surface by placing an image 
source into the optical path of the microscope during 
the focussing process. For example, the image source 
may be simply a blackened knife edge (projecting a 
. pattern shown in Fig. 7A) , a wire stretched on a frame 
or a chromium line etched on a transparent glass 
substrate. Alternatively, a more complex image source 
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may be formed of several spaced sub-image sources or a 
plurality of light-emitting devices arranged in a 
predetermined pattern either in two dimensions or three 
dimensions. Due to the magnification of the microscope 
optics, the image source dimensions need not be as 
precise as the focal distance achieved by the system. 
For example/ an image source with grid lines spaced by 
25 microns will project through the microscope optical 
system onto the wafer surface with grid lines spaced to 
0.2 microns. 

Fig. 4 shows a schematic diagram of the microscope 
optical system illustrating two alternative positions 
for placement of the image source in the optical system 
so that it projects a focussing pattern on the wafer 
surface. In the illustrative microscope optical system, 
illumination of the wafer surface is provided by a lamp 
60 operating in conjunction with a condenser lens 62. 
Condenser lens 62 focusses the light generated by lamp 
60 along path 61 to a field plane position 63 (a "field 
plane" is a location in the microscope optical system 
where a "field aperture" would be located. A field 
aperture is a position where a variable diaphragm may 
be placed to adjust the field of view of the microscope. 
This position may be in the illumination path). An 
object placed in the field plane is imaged at the object 
plane or the wafer surface. After passing through the 
field plane 63, the light passes along path 65 and is 
reflected from a beam splitter 68 located in the main 
optical path of the microscope. Light reflected from 
beam splitter 68 passes through objective lens 70 onto 
the surface of wafer 16. 
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Light reflected by the wafer surface and features 
passes back through the objective lens 70, through beam 
splitter 68 and along optical paths 69 and 67 to camera 
22 which forms an enlarged image of the wafer surface. 

In accordance with one aspect of the invention, an 
image source may be inserted in either location 64 or 
at another location, such as location 66, to project a 
focussing pattern onto the surface of wafer 16. Fig. 
5A shows one embodiment of the block 64 which is 
suitable for use with a self-illuminated image source. 
Such an image source might, for example, be comprised 
of a plurality of light-emitting devices. In Fig. 5A, 
light from image source 72 which is directed by lens 74 
to a beam splitter 76 located at the field plane 63. 
Beam splitter 76 causes an image of source 72 to be 
projected along optical path 65 through the 
aforementioned microscope optics to the wafer surface. 

Fig. 5B shows an alternative embodiment of the 
block 64 in which a passively illuminated image source 
72 is merely inserted at the field plane 63 of the 
illumination optical system. In this case, light* from 
the illumination source passes through the image source 
and projects a pattern onto the wafer surface. 

Fig. 6 shows an alternative location for the image 
source at the location of block 66 shown in Fig. 4. 
This latter embodiment is also suitable for use with a 
self-illuminated image source 72. Light generated by 
image source 72 is reflected from beam splitter 76 
located in the main optical path of the microscope. 
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From there, the image of the source passes along optical 
path 69 through objective lens 70 to the wafer surface. 
In this latter embodiment, it may be necessary to 
shutter the normal microscope illumination system to 
increase the signal to the noise ratio of the projected 
focussing image. This location has the advantage that, 
if the optical distance between source 72 and beam 
splitter 76 is equal to the optical distance between 
camera 22 and beam splitter 76, then the focussing 
system is insensitive to variations in the microscope 
and can be easily adjusted to account for inaccurate 
camera alignment. 

The structure which generates the focussing image 
can itself be mounted on a motorized stage so that it 
can be moved around over the wafer image. In this 
manner the focussing pattern can be precisely positioned 
over any feature on the wafer image on which focussing 
is desired. The image source stage may be controlled 
by computer 30 to move to predetermined positions on 
the wafer image before the focussing operation is 
initiated. As the details of the image source movement 
and control are conventional they are not described in 
detail herein. 

Figs. 7A-7D show illustrative two-dimensional image 
source patterns which might be used with the invention. 
Although several illustrative image source patterns are 
shown in Fig. 7, many other source designs could, of 
. course, be used in accordance with the invention. 
Further, in accordance with the invention, it is 
possible to select a pattern which produces an image 
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that is unique and different from any patterns which 
might be encountered on the wafer surface. The system 
which focusses on the projected pattern can then more 
easily distinguish between the projected pattern and 
existing patterns on the wafer surface. In this manner 
it is possible to optimize the "signal-to-noise" ratio 
of the focussing procedure* 

Figs. 8A and 8B show the top and side views of an 
illustrative three dimensional image source. Such an 
image source may be formed, for example, from three 
two-dimensional source lines or sub- image sources. 
These sub-image sources are then arranged along the 
optical axis form the three-dimensional image source. 
This image source has the property that when one of the 
three lines in the projected focussing pattern image is 
in focus, the other two line images (which are at 
different planes) will be out of focus as shown in 
Fig. 9. Consequently, the projected image pattern can 
be used to generate more focussing information than can 
be obtained from a two-dimensional source. 

Illustratively, the three-dimensional source is 
positioned to project a focussing pattern onto the wafer 
so that the center line 82 is in, or near, focus at the 
desired plane at which measurements are to be taken. 
Then, the pattern generated by line 81 will be blurred 
(shown as pattern 95 in Fig. 9) since it lies above the 
desired plane and the pattern generated by line 83 will 
also be blurred (shown as pattern 97 in Fig. 9) since 
it lies below the desired plane. However, the image 
processing system which maximizes the contrast of image 
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96 in Fig. 9 to focus the optical system can use the 
additional information generated by images 95 and 97 to 
interpolate and calculate how far away from ideal focus 
image 96 is and how far to adjust stage 18 to bring the 
image 96 into focus. Consequently, precise focussing 
can be achieved much more rapidly than with a 
two-dimensional focussing pattern. 

The image source shown in Figs. 8A and 8B also has 
the added advantage of having focal planes located at 
predetermined steps above and below the wafer surface. 
After making a measurement using the pattern 96 
generated by line 82, the focussing system can be 
readjusted so that pattern 95 generated by line 81 is 
in focus. Then it is known that the wafer has been 
moved a predetermined distance. Thus, it is possible, 
using the Figs. 8A and 8B image source, to "step" the 
wafer by predetermined distances without relying on the 
accuracy of movement in stage 18. This operation leads 
to increased measurement accuracy and repeatability. 

Although only one illustrative embodiment has been 
shown in the inventive focussing system, other 
modifications and changes will be immediately apparent 
to those skilled in the art. For example, although 
the invention has been described with respect to a 
semiconductor measurement system, the inventive 
apparatus and techniques can be applied to other types 
of measurement systems and to inspection systems which 
utilize an optical system. Such systems may, for 
example, measure and inspect features formed by etching 
and other process techniques. In addition, although 
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only two locations are shown, with conventional optical 
path modifications, the image source can be inserted 
into the optical path at any point. In addition, rather 
than using a self-illuminated image such as would be 
generated by light-emitting devices, it is also possible 
to replace such devices with a non-illuminated image 
source in conjunction with a separate illuminator or 
optics which channel a portion of the light from the 
existing illuminator through the non-illuminated image 
source. These modifications and changes are intended to 
be covered by the following claims. Further, although 
the focussing method described involves projecting the 
focussing image so that it is in focus when the desired 
measurement plane is in focus, it is also possible to 
focus the system a known distance away from the desired 
plane and then move stage 18 that known distance in 
order to bring the desired plane into focus. 

What is claimed is: 
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1. In an optical microscope system for forming an 
image of an object having a surface, apparatus for 
focussing said microscope in a plane positioned at 
a predetermined distance from said object surface, 
said apparatus comprising: 

means for projecting a focussing pattern image 
onto said plane; and 

means for controlling said microscope system 
to focus on said pattern image. 

2. In an optical microscope system, the focussing 
apparatus according to Claim 1 wherein said optical 
microscope comprises an illumination system for 
projecting illumination light along an illumination 
path and through said microscope onto said wafer 
surface and said projecting means comprises means 
for introducing said focussing pattern image into 
said illumination path. 

3. In an optical microscope system, the focussing 
apparatus according to Claim 1 wherein said 
projecting means comprises a plurality of image 
sources, said image sources being arranged to form 
a three-dimensional image source. 

4. In an optical microscope system, the focussing 
apparatus according to Claim 3 wherein said 
controlling means controls said microscope system 
to focus on a first portion of said pattern image. 
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5. In an optical microscope system, the focussing 
apparatus according to Claim 4 wherein said 
controlling means is responsive to a second portion 
of said pattern image for controlling said 
microscope system to focus on said first portion of 
said pattern image. 

6. In an optical microscope system, the focussing 
apparatus according to Claim 1 wherein said 
controlling means comprises means for maximizing 
the contrast of said pattern image. 

7. In an optical microscope system, the focussing 
apparatus according to Claim 1 wherein said optical 
microscope comprises an optical path for developing 
a magnified image of said object and said projecting 
means comprises means for introducing said 
focussing pattern image into said optical path. 

8. In an optical microscope system, the focussing 
apparatus according to Claim 1 wherein said 
focussing pattern is chosen so that it differs from 
any patterns present on said object surface. 
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9. In an optical measurement and inspection system 
for measuring and inspecting objects, said system 
having an optical microscope for forming an image 
of a feature on a surface of said object, means 
for automatically focussing said microscope on 
said feature image and means responsive to a 
focussed feature image for performing a 
measurement, the improvement comprising: 

means for projecting a focussing pattern image 
onto said object surface, said focussing means 
being responsive to said projected pattern for 
focussing said projected pattern image. 

10. In an optical measurement and inspection system, 
the improvement according to Claim 9 wherein said 
optical microscope comprises an illumination 
system for projecting illumination light along an 
illumination path and through said microscope onto 
said object surface and said projecting means 
comprises means for introducing said focussing 
pattern into said illumination path. 



In an optical measurement and inspection system, 
the improvement according to Claim 10 wherein said 
illumination system comprises a lamp, a lens for 
focussing light generated by said lamp along said 
illumination path and a beam splitter for directing 
light passing along said illumination path onto 
said object surface and said introducing means 
comprises an image source located in said 
illumination path substantially at a field plane 
of said optical microscope. 

In an optical measurement and inspection system, 
the improvement according to Claim 11 wherein said 
image source comprises a knife-edge. 

In an optical measurement and inspection system, 
the improvement according to Claim 10 wherein said 
illumination system comprises a lamp, a condenser 
lens for focussing light generated by said lamp 
along said illumination path and a first beam 
splitter for directing light passing along said 
illumination path onto said object surface and said 
introducing means comprises means for generating 
an illuminated focussing pattern image, means for 
focussing said focussing pattern image onto a 
field plane of said microscope located in said 
illumination path and a second beam splitter 
located at said field plane for directing said 
focussing pattern image along said illumination 
path onto said object surface. 
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14. In an optical measurement and inspection system, 
the improvement according to Claim 13 wherein said 
focussing pattern image generating means comprises 
a plurality of light-emitting devices. 

15. In an optical measurement and inspection system, 
the improvement according to Claim 9 wherein said 
projecting means comprises a plurality of image 
sources, said image sources being arranged to form 
a three-dimensional image source. 

16. In an optical microscope system, the focussing 
apparatus according to Claim 15 wherein said 
focussing means focusses said microscope system on 
a first portion of said pattern image. 

17. In an optical microscope system, the focussing 
apparatus according to Claim 16 wherein said 
focussing means is responsive to a second portion 
of said pattern image for focussing said microscope 
on said first portion of said pattern image. 

18. In an optical measurement and inspection system, 
the improvement according to Claim 9 wherein said 
optical microscope comprises an optical path for 
transmitting a magnified image of said object 
surface to a camera and said projecting means 
comprises means for introducing said focussing 
pattern into said optical path. 
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19. In an optical measurement and inspection system, 
the improvement according to Claim 18 wherein said 
introducing means comprises means for generating 
an illuminated focussing pattern image , means for 
directing said focussing pattern image to a beam 
splitter located in said optical path for directing 
said focussing pattern image along said optical 
path onto said object surface. 

20. In an optical measurement and inspection system, 
the improvement according to Claim 19 wherein said 
focussing pattern image generating means comprises 
a plurality of light-emitting devices. 

21. An optical measurement and inspection system for 
measuring and inspecting features on an object, 
said system comprising: 

an optical microscope having an optical system 
for forming an image of an edge of a feature on a 
surface of said object; 

means for controlling said microscope optical 
system to automatically focus said feature edge 
image; 

means for projecting a focussing pattern onto 
said object surface; 

means responsive to said projected pattern for 
controlling said microscope optical system to focus 
said projected pattern whereby said feature edge 
image is also focussed; and 

means responsive to a focussed feature edge 
image for performing a process control measurement. 
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22. A process-control measurement system according to 
Claim 21 wherein said optical microscope comprises 
an illumination system for projecting illumination 
light along an illumination path and through said 
microscope onto said object surface and said 
projecting means comprises means for introducing 
said focussing pattern into said illumination path. 

23. A process-control measurement system according to 
Claim 22 wherein said illumination system comprises 
a lamp, a lens for focussing light generated by 
said lamp along said illumination path and a beam 
splitter for directing light along said 
illumination path onto said object surface and 
said introducing means comprises an image source 
located in said illumination path substantially at 
a field plane of said optical microscope. 

24. A process-control measurement system according to 
Claim 23 wherein said image source comprises a 
knife edge. 

25. A process-control measurement system according to 
Claim 23 wherein said image source comprises a 
plurality of sub-image sources, said sub-image 
sources being arranged along said illumination 
path. 
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26. A process-control measurement system according to 
Claim 22 wherein said illumination system comprises 
a lamp, a lens for focussing light generated by 
said lamp along said illumination path and a first 
beam splitter for directing light passing along 
said illumination path onto said object surface 
and said introducing means comprises means for 
generating an illuminated focussing pattern image, 
means for directing said focussing pattern image 

to said illumination path and a second beam 
splitter located in said illumination path for 
directing said focussing pattern image along said 
illumination path onto said object surface. 

27. A process-control measurement system according to 
Claim 26 wherein said focussing pattern image 
generating means comprises a plurality of 
light-emitting devices. 

28. A process-control measurement system according to 
Claim 21 wherein said microscope optical system 
comprises an optical path for transmitting a 
magnified image of said object surface to a camera 
and said projecting means comprises means for 
introducing said focussing pattern into said 
optical path. 
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29. A process-control measurement system according to 
Claim 28 wherein said introducing means comprises 
means for generating an illuminated focussing 
pattern image, means for directing said focussing 
pattern image to a beam splitter located in said 
optical path for directing said focussing pattern 
image along said optical path onto said object 
surface . 

30. A process-control measurement system according to 
Claim 29 wherein said focussing pattern image 
generating means comprises a plurality of 
light-emitting devices. 

31. A method for focussing an optical measurement and 
inspection system on features of an object, said 
system having an optical microscope having an . 
optical system for forming an image of a feature 

on a surface of said object , said method comprising 
the steps of: 

A. controlling said microscope optical system to 
focus said feature image; 

B. projecting a focussing pattern onto said 
object surface; and 

C. controlling said microscope optical system to 
focus said projected pattern whereby said 
feature image is also focussed. 
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32. A method for focussing an optical measurement and 
inspection system according to Claim 31 wherein 
said optical microscope comprises an illumination 
system for projecting illumination light along an 
illumination path and through said microscope onto 
said object surface and step B comprises the step 
of: 

Bl. introducing said focussing pattern into said 
illumination path. 

33. A method for focussing an optical measurement and 
inspection system according to Claim 32 wherein 
said illumination system comprises a lamp, a 
condenser lens for focussing light generated by 
said lamp along an illumination path and a beam 
splitter for directing light passing along said 
illumination path onto said object surface and 
step Bl comprises the step of: 

B1A. placing an image source in said illumination 
path substantially at a field plane of said 
optical microscope. 

34. A method for focussing an optical measurement and 
inspection system according to Claim 32 wherein 
wherein said illumination system comprises a lamp, 
a condenser lens for focussing light generated by 
said lamp along said illumination path and a beam 
splitter for directing light passing along said 
illumination path onto said object surface and 
step Bl comprises the step of: 
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BIB. placing a plurality of image sources arranged 
along said illumination path substantially at 
a field plane of said optical microscope. 

35. A method for focussing an optical measurement and 
inspection system according to Claim 32 wherein 
said illumination system comprises a lamp, a lens 
for focussing light generated by said lamp along 
said illumination path, and a first beam splitter 
for directing light passing along said illumination 
path onto said object surface and and step Bl 
comprises the steps of: 

BIC. generating an illuminated focussing pattern 
image; and 

BID. directing said focussing pattern image along 
said illumination path onto said object 
surface. 

36. A method for focussing an optical measurement and 
inspection system according to Claim 31 wherein 
said microscope optical system comprises an optical 
path for transmitting a magnified image of said 
object surface to a camera and step B comprises 
the step of: 

B2. introducing said focussing pattern into said 
optical path. 

37. ■ A method for focussing an optical measurement and 

inspection system according to Claim 36 wherein 
step B2 comprises the steps of: 
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B2A. generating an illuminated focussing pattern 
image; 

B2B. directing said focussing pattern image to a 
beam splitter located in said optical path; 
and 

B2C. directing said focussing pattern image along 
said optical path onto said object surface. 

38 . In an optical measurement and inspection system for 
measuring and inspecting an object , said system 
having an optical microscope for forming an image 
of a feature edge on a surface of said object, 
means for automatically focussing said feature 
edge image and means responsive to a focussed 
feature edge image for performing a measurement, 
the improvement comprising: 

means for projecting a focussing pattern image 
onto said object surface, said focussing pattern 
having a plurality of focal planes, a portion of 
said focussing pattern coming into focus at each 
of said plurality of focal planes, said focussing 
means being responsive to said projected pattern 
for focussing said portion of said projected 
pattern. 

39- A method for focussing an optical measurement and 
inspection system for taking at least two separate 
measurements on an object, said system having an 
optical microscope having an optical system for 
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forming an image of an edge of a feature on a 
surface of said object, said method comprising the 
steps of: 

A. controlling said microscope optical system to 
focus said feature edge image; 

B. projecting a focussing pattern onto said 
object surface, said focussing pattern having 
a plurality of focal planes, a portion of said 
focussing pattern coming into focus at each of 
said plurality of focal planes; 

C. controlling said microscope optical system to 
focus a first portion of said focussing 
pattern; 

D. obtaining a first image of said feature with 
said optical system; 

E. making a measurement using said first image; 

F. controlling said microscope optical system to 
focus a second portion of said focussing 
pattern; 

G. obtaining a second image of said feature with 
said optical system; and 

H. making a second measurement using said second 
image . 
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